Green fluorescent protein (GFP) 
INTRODUCTION
Transgenic plants have been planted commercially since 1996 and the planted area is increasing annually. The latest update from the International Service for Acquisition of Agribiotech Applications (ISAAA) shows that total areas planted worldwide with transgenic crops has reached 179.7 million hectares in 2015 (James, 2015) . This involves planting of crops such as soyabean, maize, cotton, squash and papaya in 28 countries. Oil palm, being the major oil producing crop in the world, could benefit from this technology through increasing yield as well as producing novel high value added products. Genetic engineering could help in introducing new traits into oil palm faster than could be obtained through classical breeding due to its long gestation period. Among the traits targeted from transgenic oil palms are high oleic acid, high palmitoleic acid and synthesising biodegradable plastics (Parveez et al., 2015a, b) . In order to genetically modify oil palm, a reliable gene transfer method is essential. Transgenic oil palm was first reported more than 15 years ago using microprojectile bombardment and later by Agrobacterium-mediated protocol. However, the transformation efficiency was considerably low, at ~ 0.7% -1.5% (Parveez, 2000; Masli et al., 2009) .
It is of interest to increase the transformation efficiency of oil palm for effective modification of this crop. Among the considered approaches for improving the oil palm transformation efficiency are via the application of various transformation methods and different selection agents for the selection of transformants (Izawati et al., 2015) . Besides microprojectile bombardment and Agrobacterium-mediated, transformation of oil palm protoplasts using polyethylene glycol and DNA microinjection was also initiated (Masani et al., 2013; . However, production of transgenic oil palm plantlets is yet to be achieved. On the effect of selection agent on oil palm transformation, minimal inhibitory concentration studies showed that herbicides Basta and hygromycin are the most effective selectable agents as they could kill the untransformed cells at a very low concentration (Parveez et al., 1996; . Basta and hygromycin were also shown to be the effective selection agents for other monocots such as rice (Zhao et al., 2011; Htwe et al., 2014) , turfgrass (Song et al., 2013) and finger millet (Ignacimuthu and Ceasar, 2012) . Initial regeneration of transgenic oil palm was obtained after transformed oil palm calli were selected on herbicide Basta. Selection using mannose (Joersbo et al., 1998) , as selection agent, was later reported (Bahariah et al., 2012; 2013) . Selection using mannose posed difficulty in the identification of individual events and calculation of the transformation efficiency due to the selection nature, which involved starving the untransformed cells instead of killing them. This has also resulted in the regeneration of many escapes or chimeric plants. Recently, production of transgenic oil palm using 2-deoxyglucose (2-DOG) (Kunze et al., 2001) , as the selection agent was reported, however, the transformation efficiency was only around 1.0% (Masli et al., 2012; Izawati et al., 2015) .
As selection using chemicals, such as Basta, mannose and 2-DOG, failed to increase the efficiency of oil palm transformation, evaluation of visual selection system was later considered. One of the popular visual selection systems is the green fluorescent protein (GFP), which is based on gfp gene isolated from jellyfish (Chalfie et al., 1994; Heim et al., 1994) . This selection system is considered as a universal reporter gene because it does not require any chemical/substrate/co-factor to produce the green fluorescence. Moreover, it is stable in plant cells, species independent and nondestructive (Heim et al., 1994) . The expression of the gene could be detected and monitored in real time either in vivo or in situ making it very effective for studying gene function. The use of gfp as selectable marker gene in plant transformation has been successfully reported for many plants such as sugar-cane (Elliot et al., 1999) , oat (Kaeppler et al., 2000) , rice (Vain et al., 2000) , bromegrass (Nakamura and Ishikawa, 2006) , petunia (Mubmann et al., 2011) and Anthurium (Zhao et al., 2010) . It was reported to reduce the time and amount of tissue handling in rice transformation (Vain et al., 2000) . Besides, gfp gene was also used to study the promoter activity in soyabean (Hernandez-Garcia et al., 2010) , low gene expression in Arabidopsis (Xiao et al., 2010) , the cytoprotective and subcellular targeting in cotton (Lay et al., 2014) and organelle localisation in rice (Wang et al., 2007) . Furthermore, the gfp gene is useful to study functionality of candidate genes related to drought stress as demonstrated in barley (Nagy et al., 2011) . The gfp expressing Aspergillus flavus fungus was also used to study fungal infection in cottonseed (Rajasekaran et al., 2008) .
As described above, it was clearly demonstrated that GFP could be used as an effective selection marker in many plant species and this could be conveniently applied to oil palm. Application of GFP selection marker could result in an increased transformation efficiency as it is easy to visualise the transformed oil palm cells. Efforts to use gfp as selectable marker gene was initiated by studying the transient expression and factors affecting the expression of gfp gene in oil palm tissues such as embryogenic calli and immature embryos (Majid and Parveez, 2007; Parveez and Majid, 2008) . High intensity and long-term transient expression of gfp gene was detected in bombarded oil palm tissues but the regeneration of transgenic oil palm expressing gfp gene is yet to be reported. The objectives of this study are to regenerate transgenic oil palm expressing the gfp gene in the whole plant and to use the gene as an alternative selectable marker gene for selection of transformants. The sgfp(S65T) gene version, which has been reported to show the most intense and longest expression in several recent transient expression (Majid and Parveez, 2007) , was used in this study with the target of increasing the transformation efficiency.
MATERIALS AND METHODS

Plant Materials
Oil palm embryogenic calli were derived from calli regenerated from immature leaf cultured on EC medium containing MS salts (Murashige and Skoog, 1962) , 0.1 g litre -1 myo-Inositol and L-glutamin, Y3 vitamins (Eeuwans, 1976) , 5 x 10 -5 M 2, 4-D, 0.25% activated charcoal, 3% sucrose, and 0.7% agar, incubated in the dark at 28°C (Parveez, 1998) . All calli formed were subcultured once a month onto the similar medium until all the calli matured into embryogenic calli.
Gene Constructs
The gfp gene construct used in this study was p35SCaMV-sgfpS65T (Sheen et al., 1995) . Basta selectable marker construct used for cobombardment or individually (for non-gfp gene control) was pAHC25 (Christiensen et al., 1992) . Detailed schematic representations of the constructs are given in Figure 1 .
Large Scale Plasmid Isolation
In this study, large scale plasmid isolation was carried out to isolate large quantity of plasmid DNA for many applications especially bombardments. Small scale isolation could also be carried out, however, large scale isolation is the most practical. A single colony from freshly grown E. coli containing either the p35SCaMV-sgfpS65T or pAHC25 constructs was picked and cultured in 10 ml of LB medium (0.1 g NaCl, 0.1 g tryptone and 0.05 g yeast e tract supple ented with g l -1 of ampicillin. One ml of overnight culture was then inoculated into 500 ml of LB medium containing the same concentration of ampicillin. The overnight culture was transferred into large centrifuge bottles and the cells were pelleted by centrifugation (4000 rpm, 10 min and 4°C). DNA isolation was carried out by using the QIAGEN Maxiprep kit. The supernatant was removed and the cell pellets were resuspended in 10 ml of Buffer P1. The mixture was vortexed until no cell clumps remained. Buffer P2 (10 ml) was added and mixed gently by inverting four to six times and the mixture was incubated for 5 min at room temperature. Then, chilled Buffer P3 (10 ml) was added slowly, mixed and left on ice for 20 min. The mixture was centrifuged at 13 000 rpm for 40 min at 4°C. While centrifuging, a QIAGEN-tip 500 was equilibrated by allowing 10 ml of QBT buffer to flow through the resin by gravity. The supernatant from the GSA bottle was loaded into the column promptly. The QIAGEN-tip was washed twice with 30 ml of Buffer QC. A 30 ml SS48 centrifuge tube was placed below the tip and the DNA was eluted using 15 ml of Buffer QF. A total of 10.5 ml of chilled isopropanol was added and the mixture was incubated at 4°C for 30-60 min. The mixture was centrifuged at 12 000 rpm for 40 min and the pellet obtained was washed with 5 ml of 70% (v/v) ethanol. The tube was centrifuged at 12 000 rpm for 10 min and the pellet DNA was air dried in a laminar flow. Finally, the DNA was dissolved in 1 ml of TE buffer (10 mM Tris, 1 mM EDTA; pH 8).
The concentration and purity of the plasmid were determined using a spectrophotometer. The DNA yield ranged from 300 to 500 µg per 100 ml of overnight culture with good purity, i.e. A260/280 between 1.8-2.0 was obtained. The DNA quality was further verified by restriction enzyme digestion followed by electrophoresis on 1% agarose gels.
DNA Microcarrier Preparation and Bombardment for PDS-1000/He Apparatus
DNA precipitation onto gold microcarrier was carried out according to the manufacturer's instruction (Biolistics PDS/He 1000; Bio-Rad). Five µl (1 µg µl -1 ) of plasmid DNA (either p35SCaMV-sgfpS65T or pAHC25 for a single bombardment or combination of p35SCaMV-sgfpS65T and pAHC25 for co-bombardment), 50 µl of 2.5 M CaCl 2 and 20 µl of 0.1 M spermidine were added sequentially to the 50 µl gold microcarrier suspension. The mixture was vortexed for 3 min, and spun for 10 s at room temperature. The supernatant was then discarded and the pellet washed with 0.25 ml of absolute ethanol and followed by washing with 0.060 ml of absolute ethanol. Six µl of the solution were loaded onto the centre of the macrocarrier and was air dried.
Bombardments were carried out in a minimum of five replicates by using the following conditions; 1100 psi rupture disc pressure; 6 mm rupture disc to macrocarrier distance; 11 mm macrocarrier to stopping plate distance, 75 mm stopping plate to target tissue distance and 67.5 mmHg vacuum pressure (Parveez et al., 1997; 1998 ). The bombarded tissues were then incubated at 28°C in the dark prior to GFP expression evaluation.
Observation of GFP under Fluorescence Microscopy
GFP fluorescence spots produced on bombarded oil palm calli were observed under a Leica MZ12.5 stereomicroscope which has been attached with a fluorescence GFP Plus filter module (Leica). Observation was carried out at several time intervals, i.e. every day for the first 14 days and followed by once a month. Autofluorescence was differentiated by comparing with non-bombarded tissues. A narrow bandpass interference filter (S550/100 NP) was used to minimise chlorophyll interference. Images of GFP-expressing cells were captured using a 4910 Series RS-170 and CCIR monochrome CCD camera (COHU, San Diego, CA) and analysed using Leica IM50 Image Manager. The images obtained were further processed and stored using Adobe Photoshop 3.0 software (Adobe System Incorporated, USA). The green level of the images was then analysed to quantify the green fluorescent intensity using Leica QWin Pro (Leica System, Germany).
Isolation of Total Genomic DNA
Transformed plantlets originated from single or co-bombardment were subjected to molecular analysis for confirmation of their transgenic status. DNA isolation was carried out using CTAB method (Doyle and Doyle, 1990) with some modifications. Samples were chilled and ground in liquid nitrogen. Once the samples were properly ground, 10 ml CTAB extraction buffer (100 mM Tris-HCl, pH8.0; 20 mM EDTA; 1.4 M NaCl; 2% CTAB; 1% PVP, 0.2% 2-mercaptoethanol) were added. Samples were incubated at 65°C for 1 hr followed by 20 min at room temperature. Two ml of chloroform: isoamylalcohol (24:1) were added and the samples were centrifuged at 4°C, 13 000 rpm for 5 min. The aqueous phase was transferred into a new tube. Samples were extracted twice with 5 ml chloroform:isoamyl alcohol (24:1). The DNA was precipitated by adding 6 ml chilled isopropanol. After 20 min at room temperature, the samples were centrifuged at 13 000 rpm for 5 min. Supernatant was discarded and the pellet was dried at room temperature. The pellet was washed with Washing Buffer [76% (v/v) ethanol, 10 mM ammonium acetate] and incubated at room temperature for 20 min before being centrifuged at 13 000 rpm for 5 min. DNA pellet was dried and dissolved in 500 µl TE buffer (10 mM Tris, 1 mM EDTA; pH 7.5).
Primers for Polymerase Chain Reaction (PCR)
Primers used in this study are listed in Table 1 . Primers for gfp gene were designed using Vector NTI Suite 5 (InforMax, Inc). Primers for internal control were as described by Nurfahisza et al. (2014) .
PCR Analysis
PCR amplifications were performed using a PTC-100 TM Programmable Thermal Controller (MJ Research, Inc.). PCR reaction was carried out in the following mixture: DNA (100 ng) + reaction buffer (containing 50 mM KCl and 10 mM Tris-Cl; pH 9.0) + 8% MgSO 4 + dNTPs (20 µM) + Taq DNA polymerase (Promega). The PCR cycle for amplification of internal control was as follows: 30 cycles with hot start at 95°C (5 min), denature at 92°C (50 s), annealing at 65°C (50 s) and elongation at 72°C (60 s) and finally 2 min at 72°C (Parveez, 1998) . In parallel, the PCR cycle for screening the presence of gfp gene was as follows: 30 cycles with hot start at 94°C (3 min), denature at 94°C (30 s), annealing at 68°C (60 s) and elongation at 72°C (110 s) and finally 5 min at 68°C. Water and non-bombarded sample were used as negative controls and 20 ng plasmid containing gfp gene was used as positive control.
RESULTS AND DISCUSSION
Embryogenic calli bombarded with p35SCaMV-sgfpS65T construct showed a random distribution of green fluorescent spots when observed under blue illumination using the Leica MZ12.5 fluorescent Figure 2) . The untransformed calli and calli transformed with pAHC25 alone failed to show any green fluorescent spots. The p35SCaMV-sgfpS65T was chosen as this construct was shown to be the most efficient gfp plasmid that showed the highest fluorescent signals as well as the longest GFP expression as compared to 10 other plasmids carrying different version of the gfp gene in combination with the use of different promoters (Majid and Parveez, 2007) . The random distribution of gfp expressing cells on the transformed embryogenic calli was due to the nature of microprojectile bombardment method which targets the genes randomly into the tissues. High intensity green fluorescent spots appeared as early as 16 hr post bombardment when observed at 10X magnification. However, the size and intensity of fluorescent spots were varied. It is envisaged could be detected, indicating some reduction in the number of gfp expressing cells and in the fluorescent intensity. It is well-known that in transformation process, after transgenes are transferred into a target cell, only a small percentage of the transgenes will be integrated into the nuclear genome. Thus, it would be expected that only a small number of gfp genes were stably integrated and expressed, while non-integrated gfp genes were degraded. The reduction may further become apparent since the signal amplification is not available because each gfp gene has only one chromophore (Zimmer, 2002 that these clearly gfp expressing embryogenic calli could result in the proliferation of gfp expressing cell clumps which could be easily distinguished, isolated and regenerated to produce transgenic oil palm plantlets that express gfp in the entire plant cells.
Plant
Regeneration of GFP Expressing Embryogenic Calli
The gfp bombarded embryogenic calli were cultured on the EC medium for regeneration. It was observed that the gfp expression could only be monitored closely for a maximum of three weeks post-bombardment (Figure 3) . It was observed that at the lower magnification (10X) the green fluorescence looks like individual spots (Figure 3a) . Later when the same bombarded calli was observed at higher magnifications, X25 and X100, brighter fluorescence of nucleus within the cell could be observed and individual fluorescence spots represent single fluorescent cell could be clearly visualized, respectively (Figures 3b and 3c) . It was also observed that at the same magnification (10X) and light setting, highly fluorescing calli detected at 16 hr after bombardment failed to be detected three weeks after bombardment, indicating the reduction in the number of gfp expressing cells (Figures 3d and  3e) . Similarly the number and fluorescence intensity reduces when compared at 16 hr and after three weeks (Figures 3b and 3f) . In soyabean and walnut, it was reported that almost all the transiently GFP fluorescent spots disappeared after 7-10 days (Ponappa et al., 2000; Escobar et al., 2000) . In sorghum, the fluorescent intensity reduced greatly after one week and majority of the green spots disappeared within one month (Jeoung et al., 2002) . However, at a higher magnification (25X), few expressing gfp cells a b was also reported in several other systems, such as wheat (Huber et al., 2002) and orchid (Tee et al., 2003) . In litchi, it was reported that GFP signal could not be seen as GFP activities were embedded in the cells and became diffused (Puchooa, 2004) .
For the first three to four weeks duration, the increase in callus size was observed, indicating the occurrence of cell division. Due to multi-directional division of callus cells, consisting of transformed as well as majority of non-transformed cells, shrinkage The multidirectional cell division could lead to diffusion of green fluorescence while the transiently expressing gfp gene cells lost the expression. As a result, reduced number of GFP expressing cells were detected leading to the reduction in GFP signal detected during this period. However, at this time, the presence of several brighter green fluorescent spots within a single green fluorescent patch could be clearly distinguished (Figure 4) . These green fluorescent spots were not detected within seven days after bombardment. When the images were analysed using Leica Qwin Professional Programme, the presence of two or several green fluorescent spots were confirmed, showing the presence of two or more green level peaks. This is in agreement with the report that the doubling time of oil palm tissue culture is about 10-30 days depending on various factors such as clone and media used (Tarmizi et al., 2003) . This is based on the observation that oil palm suspension culture showed one-fold to three-fold increments in the mass within a month, suggesting oil palm cells double once to twice a month. Therefore, these images probably suggest that some of the gfp transformed cells could have actually divided a few times after bombardment resulting in the formation of few linked gfp expressing cells. This observation, if consistent, suggests that GFP could practically be used as a selection system for oil palm without hampering cell division.
During the regeneration process, it was expected that cells with stably expressed gfp gene would double and produce sectors of gfp expressing cells. A GFP sector refers to a mass of tissues derived from a dividing transformed cell, and it represents a stable transformation event. After reaching a reasonable size, the GFP sector could be isolated and regenerated to produce complete plantlets expressing gfp. This procedure was successfully used and reported in barley, oat, rose and grape (Ahlandsberg et al., 1999; Kaeppler et al., 2000; Kim et al., 2004; Dhekney et al., 2007) . In this experiment, within five months postbombardment, the formation of GFP sectors was observed in a few callus clumps (Figure 5a ). The intense GFP sectors could be visually distinguished from the low autofluorescence background. It was also observed that some parts of the GFP sectors appeared brighter, which could be due to a higher Figure 5a could also suggest that some of the gfp transformed cells actually divided a few times after bombardment and thereby formed a few linked gfp expressing cells. Comparatively, sugar-cane, an annual crop, which exhibits celldoubling time of every two days, could produce a sector of a out in si e within three onths post-bombardment (Elliot et al., 1998) .
As the plant regeneration progressed and the GFP sectors were not individually isolated, the signals obtained could not be tracked down any longer due to the high autofluorescence, which increasingly and potentially masked the GFP fluorescent areas. This autofluorescence could be seen in embryoids and other plantlet parts (Figures 5b to 5d) . The GFP expressing embryoids demonstrated a yellowish white fluorescence due to GFP-like autofluorescence. In addition, plantlet parts, such as base, wounded tissues, dead tissue and contaminated cells may also exhibit green autofluorescence, which made it more difficult to distinguish the real GFP fluorescence. Therefore, during the developmental stage, when GFP intensity reduces, monitoring of gfp expressing cells could not be carried out effectively due to autofluorescence. This problem is not uncommon as there are many reports demonstrating the presence of autofluorescence in other plants such as rice, maize, petunia and soyabean (Vain et al., 2000; Geest and Petolino, 1998; Garabagi and Strommer, 2000; Ponappa et al., 2000) . Low expressing GFP cells are difficult to be identified in the presence of autofluorescence and these problems worsen in lignified cells (Santi et al., 2003) . Nevertheless, in the presence of autofluorescence, gfp expression was enhanced around five-fold by changing the pH of media from 5.5 to 7.5 for Arabidopsis and tobacco (Wu et al., 2011) .
During plantlet regeneration from embryoids, gfp expression could be observed on different parts of the plantlets such as in base, root and leaf (Figures 6c  to 6f) . The leaf primordia that are rich in chlorophyll 
. Visualisation of green fluorescent protein (GFP) in different parts of oil palm transformed plantlet. Red autofluorescence could be seen on both untransformed (a and b) and transformed (c and d) leaf primordia (magnification: 16X) and plantlet base (magnification: 32X), respectively. Clearer GFP could be seen after elimination of chlorophyll using a cutoff filter on transformed leaf primordia (e) and plantlet base (f). No red autoflorescence was observed on transformed roots (g and h)
. Magnification: 32X. appeared yellowish green. However, when a tailor made band-pass filter (Leica, Germany) which could cut the chlorophyll's red fluorescent was used, the leaf primordia became green fluorescent. Green fluorescence was also detected in the root of transformed plantlet but not in the non-transformed plantlet (Figures 6g and 6h) . GFP detection in root was relatively easier since the tissue was lacked of chlorophyll and therefore appeared green (no red fluorescence). These gfp expressions detected after using the filter could have originated from earlier transformation events. Therefore, although the expression could not be detected consistently during the plantlet development, it could be postulated that gfp could be stably transformed in oil palm calli. It was reported in Medicago truncatula (Kamate et al., 2000) , that gfp expression ceased at the initiation of embryo development but was later observed in the vascular tissue of floral organs and roots of the plant obtained. This observation was probably due to the fact that gfp was transiently expressed at the early stage of the development but the stable integration of gfp gene into the plant genome occurred at the later stage of regeneration. The stably transformed cells then started to form a critical mass of tissue available for signal detection during the differentiation process. Further analysis of the transgenic plants confirmed the stable integration of the gfp gene into the genome. Green autofluorescence was observed both in the leaf vein of transformed and untransformed oil palm plantlet (data not shown). But the green fluorescence in vein of transformed leaf was more intense and yellowish compared to untransformed leaf. This indicates that GFP may have been accumulated in the leaf-vein of transformed plantlet. It must be clarified here that the autofluorescence was observed on four oil palm leaf and not on the three leaf, indicating that autofluorescence expression is higher in older leaves. Similarly, higher autofluorescence in vascular bundle of mature leaf compared to those of young leaf, was reported in other plant systems (Benfey and Chua, 1990; Chytilova et al., 1999) . However, contradictory observation was reported in tobacco leaf (Mitsuhara et al., 1996) .
Overall observation revealed that cells expressing gfp were found only in certain parts of the plantlets and not in the whole plantlet. Possible reason for the inconsistent gfp expression observed in this study is due to the absence of herbicide or antibiotics selection during the regeneration process. It could also be due to the fact that the isolation of gfp expressing callus was not carried out at the initial stage of the proliferation and regeneration. Without selection, cell growth competition between transformed and majority of untransformed cells occurred and resulted in the production of chimeric plants. Furthermore, some of the transformed cells could possibly be located in the inner part of the tissues, which made it difficult to be detected. Similar inconsistent gfp expression in cotton plants was reported in the absence of selection pressure (Sunilkumar and Rathore, 2001 ). In sorghum, it was reported that not all GFP expressing callus sectors regenerated into whole plants even after several months (Jeoung et al., 2002) .
Plant
Regeneration of GFP Expressing Embryogenic Calli Selected on Basta Medium
Earlier experiments demonstrated inconsistent observation of gfp expression cells during plant regeneration and only small sectors of cells expressing gfp gene were obtained. The possible reason for this observation was that no separation or isolation of transformed cells from untransformed cells was carried out. In order to produce transgenic plantlets expressing gfp in the whole plant, the following experiment was carried out: co-bombardment of the embryogenic calli with gfp gene and herbicide Basta resistant (bar) gene (pAHC25). Then, transformants were selected on medium containing Basta and subsequently used to regenerate transgenic plant. By doing this, it is hoped that transformants, which carry both genes, will regenerate and express gfp in the whole plant.
Embryogenic calli were co-bombarded with p35SCaMV-sgfpS65T and pAHC25 plasmids and gfp expressing cells were occasionally observed under blue light. One week after bombardment, the embryogenic calli were transferred onto fresh medium containing 50 ug ml -1 of Basta (Parveez et al., 2007) . GFP expressing cells were observed up to five months after bombardment (Figure 7) . However, no gfp expressing cell sectors were obtained. After seven months of culture on medium containing Basta, resistant embryogenic calli were obtained. The Basta-resistant embryogenic colonies were allowed to proliferate until the size was big enough to be individually isolated and used for regeneration. However, it was observed that none of the resistant colonies showed any green fluorescence. Similarly, when plantlets regenerated from those resistant colonies were obtained and screened for GFP under fluorescent microscope, no signal was detected. This is not expected as the transgenic plants were regenerated on medium containing Basta and cotransformed with two constructs each carrying either the bar or gfp genes. Similar observation was reported for litchi, in which no GFP glowing plants were obtained after selection on kanamycin and all GFP activities were embedded in the cells looked blurred (Puchooa, 2004) . In contrast, stable GFP sector was recovered after kanamycin selection for soyabean, canola, Medicago truncatula and rice, (Larkin and Finer, 2000; Cardoza and Stewart, 2003; Chabaud et al., 2003; Moghaib, 2010) .
Molecular Analysis of Transgenic Plants
GFP signals detected in the calli, embryoids and parts of the regenerated plantlet were only observed for the first transformation experiment which was performed without the selectable marker gene. These observations provide an initial evidence of stably transformed gfp gene into oil palm cells. To confirm the integration of gfp gene in oil palm genome, molecular analysis was carried out. PCR analysis was performed on total genomic DNA extracted from plantlets regenerated from the second experiment in which the transformants were selected on medium containing Basta. Genomic DNA samples were initially subjected to PCR amplification using an oil palm internal control primer set, POR12 and POR38 (Nurfahisza et al., 2014) . The primers were expected to produce a 1.1 kb band. The internal control was to ensure the suitability of DNA samples for PCR amplification. If the amount or purity of the DNA is not suitable for PCR amplification, there will be no DNA fragment amplified.
A total of 16 samples successfully produced the 1.1 kb of oil palm internal control fragment (data not shown). These positive DNA samples were later subjected to PCR amplification using primers specific for gfp gene. Results showed that 10 out of 16 samples were able to amplify the 568 bp gfp gene fragment (Figure 8) . Similar results were also obtained when PCR for the bar gene, used for selection, was carried out (data not shown). The results showed that around two-third of the samples demonstrated the presence of the gfp gene even though most of them did not show any GFP signal when observed under blue light prior to the extraction of their genomic DNA. This is probably due to the fact that the number of GFP expressing cells is insufficient for detection as compared to the highly sensitive PCR analysis. For PCR analysis, only a single copy of the gfp gene is required to provide a positive result. The above observation demonstrated the presence of gfp gene in oil palm genome even though no expression of the gfp gene was observed. Similar result was reported in Anthurium in which only 11 out of 22 plants regenerated showed positive PCR for the gfp gene and only seven of them expressed GFP in young calli and stems (Zhao et al., 2010) . It was suggested that the lack of protein expression resulted in no full GFP expression. This could be due to either gene silencing as a consequence of methylation of promoter region or multiple insertion (Zhao et al., 2010) .
CONCLUSION AND FUTURE STUDIES
Transgenic oil palm plantlets were successfully generated after bombardment with either the gfp gene alone or in combination with the bar gene. However, the regenerated plantlets failed to show green fluorescence in the whole plantlets. The actual reason(s) for the failure to regenerate transgenic oil palm expressing GFP in the whole plant is not known, however, there are few possible reasons as modifications of GFP have been reported, such as increased fluorescent signal and solubility, varied emission spectrum and targeted to subcellular compartments. Those modifications have widened the applications of GFP as reviewed by Zimmer (2002) . It is therefore proposed that for future studies, transformation of organelle targeted gfp gene into oil palm embryogenic calli to be carried out for possible elimination of the above problem.
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